Rheumatoid arthritis (RA) is a chronic inflammatory disease occurring three times more in females throughout the world affecting 1-2% of the adult population in all ethnic groups, usually in the age group of 25-60 years. Although the role of CD 4 + T helper lymphocytes in the aetiopathogenesis has been studied for more than three decades, the focus on CD 4 + T helper type 17 (Th17) lymphocytes and its associated cytokines is much more recent. The cytokines such as IL-17 and IFN-γ induce secondary cytokines such as IL-1, TNF-α , etc which possibly cause inflammation in joints. This cytokine cascade, therefore, offers a number of points and opportunities for immunointervention in RA. The present review article highlights some of the major aspects of the immunopathogenesis that involve Th17 cells and their association relevant to recent developments in the treatment of RA.
Thus, it seems critical to understand the underlying pathogenetic mechanisms behind RA in order to design better treatment strategies. This review article highlights some of the major aspects of the immunopathogenesis that involve CD 4 + Th17 cells and their association relevant to recent developments in the treatment of RA.
Etiopathogenesis of Rheumatoid Arthritis
Numerous hypotheses have been proposed to unravel the mystery behind the development of RA, but none has completely illustrated the cause that underlies the slow, progressive and chronic inflammatory response in the joints that ultimately leads to joint damage and severe disability. However, RA is considered as an autoimmune disease as autoimmune process contributes to the pathogenesis of the disease. Several studies reported that T cells are major culprit in initiating the detrimental inflammatory response in the joints 2, 3 . In addition, the role of the humoral immune response is seen as equally important in
Background
Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune and systemic disease characterized by long-term chronic synovial inflammation, hyperplasia and joint damage leading to functional decline and disability as well as increased mortality. Systemic features of RA include cardiovascular complications, pulmonary complications and skeletal disorders. Although systemic manifestations may be present at the onset, they develop more usually as the disease progresses. The diagnosis of RA is made on clinical grounds mainly. However, the blood abnormalities such as the presence of rheumatoid factor (RF) is usually useful in the diagnosis of RA. RF is detected in the majority (70-80%) of patients with established disease and constitutes one of the American College of Rheumatology (ACR) classification criteria. RA is a common disease occurring three times more in females throughout the world affecting 1-2% of the adult population in all ethemic groups, usually in the age group of 25-60 year [1] [2] [3] [4] [5] [6] [7] . The role of T cells in the pathogenesis of RA has been studied for more than three decades. However, the focus on a particular subset of CD 4 + T helper cells, i.e. T helper cells type 17 (Th17) and its associated cytokines particularly 1L-17, is much more recent. Studies to know the role of Th17 in RA have already provided a deeper understanding of the pathophysiological mechanisms involved in triggering the detrimental inflammatory response. 1L-17 and 1FN-γ in turn induce production of secondary cytokines such as 1L-1 and TNFα which cause inflammation in joints 10, 11 . However, the complete mechanism behind this complex process remains enigmatic and controversial, and requires further study both in human and animal models.
T Helper 17 (Th17) Cells & Their Cytokines
Upon activation, CD 4 + T cells differentiate into T helper subsets with different cytokine profiles and functions. Until recently, T helper cells were categorized into two subsets, Th1 and Th2, depending on the cytokines produced. However, with progress in immunological techniques and intense research in the area, it is now apparent that there is a third subset, Th17, which produces the cytokine IL-17 12 . The physiological function of Th17 cells is to provide host defense against extracellular bacteria and some fungi against which Th1 and Th2 cells are not fully effective 13 .
autoimmune RA, where auto-antibodies (rheumatoid factor, RF) are generated against the healthy joint tissue. Over the long term these auto-antibodies damage the tissue of the joints leading to the pathological condition in RA ( Figure-1) 8 . Several studies have suggested that RA is triggered by genetic, environmental, epigenetic and dietary factors 8, 9 . The most accepted hypothesis is the inflammatory response mediated by humoral and cell mediated immune responses. The role of IgG autoantibodies and immune complexes has been recognized as a potent pathological trigger of inflammatory response, and autoantibodies (RF) are detected in more than 80% of RA patients. These autoantibodies consistently erode the lining of the joints, producing inflammation of the synovium and the symptoms associated with RA 2,3,9 . However, the major concerns in RA are associated with the inflammation triggered by T lymphocytes. More recently, the role of CD 4 + T helper lymphocytes has been established as the major contributor to chronic inflammation in RA ( Figure-2) 10, 11 .
Induction of chemokines by IL-17 indirectly attracts T and B cells, monocytes and neutrophils to the inflamed joint, all of which contribute to the pathogenesis of RA 13 . Kim et al. reviewed the role of Th17 and their associated cytokines in 55 RA patients and 20 osteoarthritis (OA) patients and assessed disease activity using the 28-joint disease activity score (DAS28). Furthermore, they also evaluated erythrocyte sedimentation rate (ESR), serum C-reactive protein (CRP) and RF level, and quantified IL-6, IL-17, IL-21, IL-23 and TNF-α using an enzyme-linked immunosorbent assay (ELISA) technique. Statistical analysis showed that a comparison of the frequency of Th17 cells in a patient with active and inactive RA was significant (P=0.03), suggesting that Th17 was significantly higher in active RA patients or in OA patients (P=0.003). Interestingly, the findings showed no significant difference in the frequency of Th1 cells between the active RA (P=0.29) and OA (P=0.10) groups. Thus, it was concluded that the Th17 subset has a wider role to play in the pathogenesis of RA than does the Th1 subset. Furthermore, an association between Th17 and RA was supported by the finding of a positive correlation between the percentages of Th17 cells in RA patients, the inflammatory marker CRP and the DAS28 score (Figure-3) 14 . However, the study failed to explain the implications of the other two major cytokines i.e., IL-23 and TNF-α in RA. Overall, the findings do show some correlation between Th17 and IL-6, IL-17 and IL-21, suggesting a pathological effect in RA. More importantly, the levels of these cytokines were also positively correlated with inflammatory markers such as CRP and ESR, adding further evidence for a connection between Th17 and RA 14 . Other clinical studies implicated Th17 cells in the pathogenesis of RA using flow cytometric analysis of cells and EIA for cytokines 17, 18 . The studies found that frequencies of Th17 cells and IL-17 strongly correlated with disease activity both at the onset and during progression of RA.
However, their essential role in autoimmune diseases is a major cause of concern, as numerous studies, both in animal and human experimental models, have suggested a pathological role.
Recent reports suggest that IL-17 is a proinflammatory cytokine that induces the production of other inflammatory cytokines, e.g. IL-1, IL-6, IL-8, IL-21, IL-23 and TNF-α . These cytokines have been implicated in the pathogenesis of many inflammatory diseases including RA. Moreover, It is suggested that IL-6 and TNF-α induce the differentiation of Th17 cells, whereas IL-21 and IL-23 promote the proliferation of Th17 cells. Furthermore, studies reported that the cytokines produced by Th17 are co-related with the cytokines produced by another pro-inflammatory T helper cells subset, Th1, suggesting a central role for Th17 in the development of inflammatory disease 14 .
Initially it was suggested that the proinflammatory cytokine IL-23 played a prominent role in the differentiation of Th17, as IL-23-deficient transgenic mice have been reported to lack IL-17-producing T cells. In vitro, however, IL-23 did not seem sufficient to generate Th17 from native T-cells precursors. Furthermore, in the presence of transforming growth factor-β (TGF-β) and IL-6, the role of IL-23 in Th17 differentiation appeared to be dispensable. These findings suggested that TGF-β, along with IL-6, is both central and sufficient in Th17 differentiation 15 .
However, Kato and Fox reported that the combination of TGF-β and IL-6 does not induce Th17 cells, a finding supported by Manel et al., who also reported that TGF-β and IL-6 are not sufficient for the differentiation of Th17 cells in humans. Their study suggested that TGF-β, along with IL-1 and IL-6 or IL-23, is necessary for human Th17 cells differentiation. Thus, in humans, the differentiating factor for Th17 remains controversial and requires further investigation 13, 16 .
Role of Th17 Cells
Various hypotheses have proposed a role for Th17 in RA. As mentioned previously, IL-17 has the potential to activate a diverse range of cell types that are implicated in the pathogenesis of RA.
DMARDs, the first-line drugs (non-steroidal antiinflammatory drugs, NSAIDs) are methotrexate, sulfasalazine, hydrochloroquine, leflunomide, gold, D-penicillamine, azathiorine, cyclophosphamide and cyclosporin. A partial or nonresponse to DMARDs therapy prompts increase in the dose or use of an additional DMARD with or without corticorteroids such as prednisoline, methye prednisolone (second line drugs) [21] [22] [23] . However, the chronic inflammatory destructive processes involving connective tissue, cartilage and bone with their attendant disability progress relentlessly in majority of patients. Secondly, use of 'second-line' and 'third-line' drugs in RA are limited due to their side effects [21] [22] [23] . Regarding the third-line therapy studies in animal and RA patients have confirmed that TNF-α, an inflammatory cytokine, is of major importance in the rheumatoid disease process and thus, it might be an effective therapeutic target in RA. Animal model experiments and clinical trials were conducted with anti-TNF monoclonal antibody (anti-TNF-α MoAb) in RA recently. This anti-TNF-α MoAb therapy was found to be both effective and safe which documented the comingof-age of cytokine-based immunointervention in RA 18, 20 . However, The use of biological therapies with biologies (third-line drugs) such as anti-TNF MoAb, anti-CD20 receptor antibody therapy (Retuximab), anti-T cell activation therapy (Abatacept), anti IL-6 receptor therapy (Tocilizumab), Anti IL-1 receptor (Anaklora), etc are reserved for the treatment of patients who have high disease activity despite having an adequate trial of traditional DMARDs with or without steroids. The biologics are targeted towards specific cytokines and other cell-surface molecules regulating the immune response. Although generally well tolerated, biological therapies increase the risk of serious infections, reactivation of tuberculosis and development of malignancies due to suppression of the immune response. Although biological treatment is more effective than standard DMARD therapy, treatment costs are significantly greater. Because of this, many countries have set guidelines restricting their use. Current UK recommendations are that biological therapy should be initiated only in active RA (DAS 28> 5.1) when an adequate However, the study failed to show a correlation between Th17 frequency and CRP level in patients and was limited in that it looked only at IL-17. Overall, the study established an association between Th17 cells and their cytokines, suggesting a pathological mechanism behind RA 17 .
Recent Development in Treatment
It has been stated in the etiopathogenesis of RA that IL-17 and IFN-γ from CD 4 + Th cells in turn activate production of secondary cytokines mainly IL-1 and TNF-α from macrophage that induced inflammation in joints. This cytokines cascade therefore offers a number of points and opportunities for immunointervention [17] [18] [19] [20] .
In rheumatoid arthritis (RA), the conventional therapies (first-line, second-line, third-line drugs) provide more or less effective symptomatic relief for a decade or so from the onset of the disease. The mainstay of treatment in RA comprises the early use of small molecule disease-modifying antirheumatic drugs (DMARDs) for induction of remission with or without steroids. Among the trial of at least two other DMARDs (including methotrexate) has failed 23 .
The focus on Th17 cells and their cytokines is fairly new. Different conclusions have emerged about the potential role of Th17 in RA and interesting findings implicate Th17 cells rather than the more generally accepted Th1-mediated inflammatory response in RA 14 . In another study, Leipe et al implicated a role for Th17 in RA both in the early and late stages and they established that Th17 cells enhance production of IL-17 which induces systemic inflammation in RA 17 . Similarly, Janke et al explained the pathological potential of Th17 cells in both in vitro and in vivo experimental models, suggesting that the combination of TGF-β and IL-6 is sufficient to induce inflammatory response in models in vivo 18 . It is clear that Th17 cells may have different roles in different experimental models. In vitro models showed greater correlation between Th17 cytokines and RA, perhaps due to the fact that the in vitro model system lacks the microenvironment required for differentiation and proliferation of Th17 cells naturally. In the animal model, the role of Th17 cells could be different as many interactions occur with other components of the immune system, all of which may affect the differentiation and proliferation of Th17 cells 24, 25 .
In conclusion, such findings obviously require further study to develop new immunotherapeutic interventions. This would help to achive greater success of cytokine-based immunointervention without side-effects and to develop it as the 'fourth-line' treatment modality for a wide range of autoimmune diseases including RA. Researchers are optimistic that modern medicine would certainly witness the application of this noble immunotherapy enabling to selectively target cytokines, e.g. TNF-α, IL-17 and other cytokines in the cascade possibly in RA in the near future.
